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Introduction
In RAN#83 meeting, the WID for 5G V2X with NR sidelink was approved [1]. Regarding sidelink physical channel structures, the work scopes are aligned with TR 38.885 [2], which is the study outcome for NR V2X.  Therefore, the discussion would be the continuation of the discussion in the study item phase. In RAN1#97 meeting, the following agreements were made in this agenda.
	Agreements:
· A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
· This is applicable for unicast and groupcast including options 1/2.
· Sequence of PUCCH format 0 is the starting point.
· FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
· FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
· FFS whether to support the following formats
· X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).
· E.g. X=2
· A PSFCH format based on PUCCH format 2
· A PSFCH format spanning all available symbols for sidelink in a slot
Agreements:
· Transmission of PSSCH is mapped onto contiguous PRBs only
Agreements:
· Sub-channel size is (pre)configurable.
· FFS details (e.g., possible sizes, a minimum size etc.)
Working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS



In this contribution, in continuation of the discussion, we provide our views on details of sidelink physical layer structure, especially based on Feature Lead summary used in RAN1#97 [3]. 

Resource Pool/BWP/Carrier
Resource pool and BWP
When configuring a resource pool, the granularity needs to be discussed for frequency and time domains. In order to have scheduling and configuration flexibility, PRB and slot are preferred for the granularity of a resource pool. Next, to consider subchannel which is a granularity of PSSCH resource allocation and channel sensing, it would be beneficial that the total number of PRBs of a resource pool is a multiple of the size of a subchannel. This means, the frequency-domain granularity of a resource pool becomes a subchannel, which is configurable. For the design of resource pool, flexibility to assign a resource pool should be considered. Resource pool definition in LTE V2X is flexible enough and can be considered as a baseline for NR V2X. The time domain pattern can be signaled by a bitmap, while the frequency domain pattern can be a set of continuous PRBs. Also, non-contiguous frequency resource allocation in a resource pool can be considered in order to have forward compatibility and to have reserved resources within a resource pool. NR sidelink is also targeted to operate in licensed band with Mode 1. In this case, similarly to the design of Rel-15 Uu with consideration of reserved resources and flexibility, sidelink design also needs to consider those points. If there are many portions of reserved resources in a carrier, then if only contiguous PRBs are allowed to be in a resource pool, then there are quite large limitation on performance due to the lack of resources, e.g., smaller number of PRBs per resource pool.
One issue to be discussed is whether to support symbol-level configuration of resource pool. If symbol-level configuration of a resource pool and control region, then the overhead of the time gaps for transition at the UE side would be much larger than slot-level configuration.
[bookmark: _Ref534628829]Proposal 1: The granularity of resource pool is a subchannel and a slot.
[bookmark: _Ref16861034]Proposal 2: A resource pool can consist of non-contiguous PRBs. 

Supported channel bandwidth of a sidelink carrier
As already mentioned above, Rel-16 sidelink design is also targeted to operate in a Uu carrier. For this, RAN1 has considered coexistence between Uu and sidelink in the same carrier. Therefore, Rel-16 NR V2X needs to be supported with the maximum sidelink carrier bandwidth as the same as Rel-15 NR Uu.
[bookmark: _Ref16861038]Proposal 3: A sidelink carrier bandwidth is supported up to 50 MHz with 15 kHz SCS, 100 MHz with 30/60 kHz SCS in FR1 and up to 200 MHz with 60 kHz SCS and 400 MHz with 120 kHz SCS in FR2. 

Separation of resource pool for unicast/groupcast/broadcast
Rel-16 NR V2X has been designed to service unicast/groupcast/broadcast. If a resource pool is used for only one of unicast/groupcast/broadcast, then a sidelink carrier needs to be exclusively divided in the frequency domain to support all unicast/groupcast/broadcast in the carrier. This makes the resource efficiency of the sidelink carrier worse. 
[bookmark: _Ref16861062]Proposal 4: For a given UE, a single (pre-)configured resource pool can be used for any combination of unicast, groupcast, and broadcast.

Slot structure with physical channels 
Transmissions of physical channels in a slot
For NR sidelink, three physical channels are agreed to support, i.e., PSCCH, PSSCH, and PSFCH. The next details to be discussed is which combinations among the three physical sidelink channels are allowed to be in the same slot. 
The above figure shows the example of slot structure having PSCCH, PSSCH, and PSFCH in the same slot. Similarly, there are 7 combinations as below.
	1. PSCCH only
	4. PSCCH + PSFCH
	7. PSCCH + PSSCH + PSFCH

	2. PSSCH only
	5. PSSCH + PSFCH
	-

	3. PSFCH only
	6. PSCCH + PSSCH
	-



In RAN1#96bis, RAN1 agreed that every N slots can have PSFCH resource as (pre-)configured. One of the purpose of this configuration for PSFCH resource is to reduce the resource overhead used for feedback. In this scenario, the case of PSFCH only (Case 3), PSCCH+PSSCH (Case 6), and PSCCH+PSSCH+PSFCH (Case 7) should be supported. For the remaining cases, RAN1 first needs to consider the following.
· Which use cases exist for PSCCH without its scheduled PSSCH (for Case 1, Case 4)
· One possible use case is PSCCH having purposes other than scheduling PSSCH, e.g., resource reservation, group-common purposes.
· Other possible use case is cross-slot scheduling. 
· Which use cases exist for PSSCH without its scheduling PSCCH (for Case 2, case 5)
· One possible use case is cross-slot scheduling.
· Other possible use case is slot aggregation/multi-slot scheduling.
However, all the above possible use cases for PSCCH without PSSCH or for PSSCH without PSCCH affect channel sensing/resource reservation/resource selection mechanisms. Therefore, whether to support use cases for PSCCH without PSSCH or for PSSCH without PSCCH should be carefully analyzed. Regarding PSCCH-only transmission, if it is allowed in Rel-16 V2X, control channel collision due to increase of PSCCH and resource waste due to not transmitting in the remaining symbols and the same PRBs of PSCCH may occur. 
[bookmark: _Ref5190377][bookmark: _Ref16861066][bookmark: _Ref7547867]Proposal 5. Support PSCCH+PSSCH, PSCCH+PSSCH+PSFCH, PSFCH-only transmissions within a slot.
[bookmark: _Ref16861070]Proposal 6. Not support PSCCH-only, PSSCH-only, PSCCH+PSFCH, PSSCH+PSFCH transmissions within a slot.

Multiplexing of physical channels
RAN1 has discussed how to multiplex PSCCH and PSSCH in a slot and made working assumption to support Option 3 as shown in the following figure. Since RAN4 concludes that there is no critical issue to support Option 3, the working assumption can be confirmed. 
[image: ]
One issue is whether to allow TDM like Option 1A/1B and FDM like Option 2. Regarding FDM, according to the supported number of symbols for a slot and PSCCH, Option 3 can become Option 2 by scheduling or slot format. For example, if a slot only has 3 sidelink symbols and 3-symbol PSCCH is used, the mapping of PSCCH and it scheduled PSSCH would look like Option 2 even though Option 3 is intended. Similarly, according to the number of PRBs used for PSSCH, the mapping of PSCCH and it scheduled PSSCH would look like Option 1A even though Option 3 is intended. 
[bookmark: _Ref16861073]Proposal 7. If smaller number of PRBs is allocated for PSSCH, then TDM between PSCCH and PSSCH is allowed.
[bookmark: _Ref16861077]Proposal 8. If PSCCH spanning all the sidelink symbols of a slot is supported, then FDM between PSCCH and PSSCH is allowed. 

Whether to allow FDM between PSFCH and PSCCH/PSSCH should be also considered. If FDM between PSFCH and PSCCH/PSSCH is allowed, more issues to be handled occur, e.g., prioritization and power control when PSSCH and PSFCH need to be transmitted in the same symbols. Therefore, we propose not to support FDM between PSFCH and PSCCH/PSSCH in Rel-16.
[bookmark: _Ref16861081]Proposal 9. FDM between PSFCH and PSCCH/PSSCH is not supported in Rel-16.

PSCCH design
[image: ]
Figure 1. Illustration of Rel-15 NR PDCCH structure for 3 symbol PDCCH
	Rel-15 NR PDCCH uses the mapping structure by defining REG and CCE, where REG occupies 1 PRB and 1 symbol, and CCE occupies 6 REGs. With the existing PDCCH structure, the following alternatives can be considered for PSCCH structure. 
· Alt 1) Reuse NR PDCCH structure for PSCCH.
· Alt 2) Introduce new structure for PSCCH.
At this point, Rel-15 NR PDCCH structure seems enough to support all use cases for NR V2X. 
	Next, it needs to be discussed where PSCCH is mapped. This may be related to the resource allocation and granularity of PSCCH, e.g., subchannel or n PRB(s). Also, how to define search space needs to be discussed.   
One more thing to discuss is whether to support distributed (interleaved) mapping of PSCCH. Differently from PDCCH which can be decided by one gNB for mapping, each vehicle may transmit PSCCH by its decision for mapping. In this case, when interleaved mapping is used for PSCCH, the frequency band may not be utilized efficiently due to frequency resource collision among multiple PSCCH transmitted by different vehicles. 
This is one of the important topics that should be concluded. One of the potential benefits is reduction of the number of blind decoding of SCI. This is based on the assumption of the first SCI with the same size regardless of service types, e.g., unicast, groupcast, and broadcast. However, this can be also applied to single-stage SCI if all SCI for unicast, groupcast, and broadcast has the same size. Since 2 CWs would not be supported in NR sidelink due to the limitation of the number of antenna ports, there may not be much difference on SCI sizes.
In RAN1#97, the following conclusion was made for SCI design.
	Conclusion:
· If two-stage SCI is supported, the following details are used.
· Information related to channel sensing is carried on 1st-stage.
· 2nd-stage is decoded by using PSSCH DMRS.
· Polar coding used for PDCCH is applied to 2nd-stage
· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.
· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage. 
· FFS other details
· Companies are encouraged to perform analysis (e.g., flexibility, complexity, forward compatibility, overhead, spec impact, latency, robustness, reliability, etc.)/evaluations with details of the SCI contents comparing single-stage vs. two-stage SCI. Aim to conclude in RAN1#98



Flexibility, overhead, reliability, forward compatibility are related each other, because they are about how many filler bits are added in SCI, i.e., SCI size, mapping resources, and coding rate. We focus more on spec impact, latency, and complexity below. For single stage SCI, all of spec impact, latency, and complexity are low while two-stage SCI design has high spec impact, latency, and complexity. Since a UE need two decoding procedure for control, UE implementation complexity and latency should higher than the conventional SCI decoding procedure. This has been why LTE and NR did not adopt two stage control signalling. 
[bookmark: _Ref534628840][bookmark: _Ref7547887][bookmark: _GoBack]Proposal 10. Rel-15 NR PDCCH structure is the baseline for PSCCH and single stage SCI is used.
[bookmark: _Ref534628843]Proposal 11. Discuss further whether to support interleaved mapping for PSCCH or not.
The subchannel size and the frequency/time domain granularity of PSCCH are not decided. The granularity of PSCCH should depend on SCI format size and target coverage. One potential issue is whether the granularity of PSCCH is smaller than subchannel size and whether to allow multiple candidate PSCCH resources within one subchannel. Multiple candidate resources for PSCCH may help to reduce collision probability between different UEs. And then RAN1 can discuss how to map PSCCH into the candidate resources and whether to map more than one PSCCH in a single subchannel. 
[bookmark: _Ref5190394]Proposal 12. Discuss the subchannel size and granularity of PSCCH.
[bookmark: _Ref5190397]Proposal 13. Discuss further UE behaviour for possible multiple candidate PSCCH resources within subchannel.

PSSCH design
Principle of PSSCH design
For CP-OFDM, Rel-15 NR PUSCH has the similar design as PDSCH, i.e., channel coding, mapping type A/B, mapping order, DMRS, resource allocation and so on. Considering that option 3 in Figure 4 is supported and the first OFDM symbol needs to be used for AGC, Rel-15 NR PDSCH design may be better than Rel-15 NR PUSCH design. So, Rel-15 NR PDSCH structure can be reused for PSSCH. One issue to be discussed is whether to support either NR PDSCH mapping type A or NR PDSCH mapping type B, or both for PSSCH. Considering standardization time line, supporting PDSCH mapping type A is preferred for PSSCH mapping type. 
[bookmark: _Ref534628849][bookmark: _Ref16861106]Proposal 14. Rel-15 NR PDSCH design is the baseline for PSSCH.

PSSCH DMRS
[bookmark: _Ref534628865][bookmark: _Ref797164]Our companion paper [4] discusses detailed patterns of PSSCH DMRS with evaluation results, which compares PSSCH DMRS based on PDSCH DMRS type 1 and type 2. 
[image: ]
Figure 2. Frequency domain pattern types for Rel-15 NR PDSCH
It is shown that type-2 based DMRS for PSSCH much outperforms type-1 based DMRS for PSSCH. It is from low overhead of type-2 based DMRS for PSSCH than type-1 based. Since NR-V2X aims to use up to 2 layers, a DMRS structure with low overhead provides better performance. For detailed results, please see Appendix A.
Regarding the time-domain pattern, to reflect dynamic channel adaptation, multiple time-domain patterns of DMRS per resource pool may be needed. 
[bookmark: _Ref7547903][bookmark: _Ref16861109]Proposal 15. Type-2 DMRS for PDSCH is the baseline of PSSCH DMRS for frequency-domain pattern. Support multiple time-domain patterns of DMRS per resource pool.


Maximum modulation order 
LTE V2X supports modulation up to 64QAM in Rel-15. However, a Rel-14 V2X UE can only support up to 16QAM, which causes additional complexity on system configuration, especially considering the nature of broadcast traffic in LTE V2X. In NR sidelink, it is better to support 64QAM from the beginning. On the other hand, NR Uu supports 256QAM as an UE capability to provide higher peak date rate. Advanced NR V2X use cases require very high data rate and 256QAM needs to be supported. So, not only to avoid that similar discussion to modulation for Rel-15 V2X happens but also to support the advanced use cases, it is reasonable to introduce 256QAM in the first release of NR V2X.
	In NR, the calculation of max data rate supported by a UE is provided as follows as in [4] for single carrier case, where the scaling factor is assumed as unity.

In the above calculation, , , , , , and  are the number of supported layers, supported maximum modulation order, maximum code rate, the number of PRBs, slot length, and overhead ratio, respectively. Considering gap symbols and control/RS overhead, let's assume OH=20%. Also, suppose that . Then, for 20 MHz sidelink carrier, the following UE max data rate can be obtained for 30 kHz subcarrier spacing. 
	
	
	
	
	
	 (us)
	OH
	data rate (Mbps)

	256 QAM
	2
	8
	0.925781
	51
	35.71
	0.2
	203

	64 QAM
	2
	6
	0.925781
	51
	35.71
	0.2
	152


As expected, without supporting 256QAM, achieving high data rate via sidelink cannot be feasible. Also, Rel-16 NR V2X will introduce unicast sidelink communications with feedback channel including HARQ-ACK feedback and CSI feedback. These kinds of feedback information will enable to use 256QAM with enough reliability. 
LTE V2X targets broadcast services and there is no physical layer ID in SCI. The sequence for scrambling and DMRS of data channel is randomized by the CRC of SCI. As discussed in [4], assuming an ID is used in physical layer, the ID can be used in scrambling code as well as DMRS sequence generation. 
Regarding the number of TBs in a PSSCH, RAN1 has discussed a lot in MIMO topics throughout Rel-15 SI/WI phases concluded to support only one TB up to 4 layers in shared channel. This principle can be reused for V2X sidelink communications.
[bookmark: _Ref534628823][bookmark: _Ref5190379][bookmark: _Ref16861112]Proposal 16: Rel-16 NR V2X supports 256 QAM for PSSCH and single TB per PSSCH.

PSFCH design
PSFCH format
In RAN1#96bis, every N slots can be configured to have a resource for PSFCH, where N > 1. This is to reduce the feedback overhead. With this direction, more than 2 bits of HARQ-ACK feedback per PSFCH are naturally needed to support. So, it can be argued that additional PSFCH format is necessary on top of the agreed PSFCH format based on NR PUCCH format 0. However, as long as the number of bits for HARQ feedback is not large (e.g., less than or equal to 4 bits), the PSFCH format that already agreed would be sufficient taking into account its performance and limited timeline of Rel-16 NR V2X WI. So, additional PSFCH format is not necessary for Rel-16 NR V2X other than this format.
[bookmark: _Ref7547908]Proposal 17. Support single PSFCH format only based on PUCCH format 0.

AGC handling for sidelink
Regarding ACG, the following agreements and working assumption were made.
	Agreements:
Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference

Working assumption:
· For RAN1 evaluation purpose only, until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and another one symbol is used for TX/RX switching.
Note: TX/RX switching includes transition in the power amplifier.



In RAN4#90bis meeting, a reply LS on NR V2X UE RF parameters was agreed as [5]:
	AGC settling time
· No consensus reached on the AGC settling time values. RAN4 will continue to investigate the AGC settling time values
· Below observations that impact AGC setting time in RAN4 study are:
· Different companies have different assumptions of AGC settling time.  
· Some parameters that impact AGC settling time are waveform, RB size, SCS, number of carriers, number of receiver chains, and adjacent channel blocking interference. AGC settling time reported to RAN1 shall also consider the implementation and practical aspects. 
· Based on different assumptions: 
· The AGC settling time observed by Qualcomm, Ericsson, Intel, Interdigital is
· AGC time :  35us for all SCS 
· The AGC settling observed by Mediatek, Huawei, LGE, Spreadtrum is
·  AGC time :  35us for 15kHz  SCS
                            18us for 30kHz SCS
                            9us for 60kHz SCS
· If multiple carriers are configured, AGC performance could be degraded/further evaluated.
· Any further clarification on RAN1 design/ assumptions regarding the above observations could benefit RAN4 to further evaluate AGC performance.



In RAN4, the definition of AGC settling time includes the following components (AGC setting time =a+b+c+d):
a) time offset from the start of the OFDM symbol to account for maximum signal propagation delay from different UEs ()
b) time to receive the window of samples used for estimating the gain/power (, measurement time)
c) time for programming the desired gain setting (, estimating/programming time)
d) time for the gain setting taking into effect (, amplifier settling time)

In RAN1#96, it was agreed that a UE performs either transmission or reception in a slot on a carrier. This implies that a UE can receive transmissions from different UEs in different slot as shown in Figure 3 below:
[image: ]
[bookmark: _Ref16512976]Figure 3: NR-V2X sidelink communications, UE might receive transmissions from different UE (with different power) in different slot

The RAN4 definition above is illustrated in Figure 4 below:
[image: ]
[bookmark: _Ref16510382]Figure 4: Gain transition from  to ,  is the time spent for measurement,  is the time spent for programing the circuitry, and  is the time spent for the circuitry amplifier to settle to the desired gain.

Typically, the programming time () and the amplifier settling time () are fixed and they are independent of the sub-carrier spacing and the allocated RBs, however, the measurement time () typically depends on the number of RB allocation in the OFDM system.
[bookmark: _Ref16515305]Measurement time ()
In this subsection, we follow the procedure/definition described in [6] to quantify how well the power is estimated given the true power by calculating the probability of power difference () between the estimate power and the true power to be less than some threshold. We define the measured power as follow:
	
	(7‑1)


where  is the measured received signal power,  is the received time-domain signal and  is the measurement duration. The variation/power difference in the power measurement is defined as:
	
	(7‑2)


where  is the true power. The measurement duration is defined as:
	
	(7‑3)


Similar to [3], we assumed only one UE signal is being sent with bandwidth of 10 MHz and random QPSK is being sent in the first symbol, the AGC measurement time for SCS=15kHz, 30kHz, and 60kHz are shown in the following figures. Also, the following tables summarize the measurement time at 
	[image: ]
Figure 5: AGC measurement time for random QPSK with SCS=15kHz, , no noise
	[image: ] 
Figure 6: AGC measurement time for random QPSK with SCS=30kHz, , no noise

	[image: ]
Figure 7: AGC measurement time for random QPSK with SCS=30kHz, , no noise
	


[bookmark: _Ref15161536][bookmark: _Toc15164781]Table 1:  when random QPSK is used with different RB allocations (10MHz, SCS=15kHz, )
	
	2 RBs
	5 RBs
	10 RBs
	20 RBs
	50 RBs

	Time to ensure 
	40.3us
	22.07us
	12.57us
	6.641us
	2.734us



[bookmark: _Ref16719194]Table 2:  when random QPSK is used with different RB allocations (10MHz, SCS=30kHz, )
	
	2 RBs
	5 RBs
	10 RBs
	20 RBs

	Time to ensure 
	20.31us
	11.0us
	6.12us
	3.32us



[bookmark: _Ref16719196]Table 3:  when random QPSK is used with different RB allocations (10MHz, SCS=60kHz, )
	
	2 RBs
	5 RBs
	10 RBs

	Time to ensure 
	10.03us
	5.469us
	3.06us



For a given SCS, larger number of RB allocation implies larger frequency content, therefore, shorter time to receive/measure the entire waveform. For a fixed RB, larger SCS implies larger frequency content, hence shorter time of measurement.
[bookmark: _Ref16860957]Observation 1: For a given SCS, measurement time is inversely proportional to the number of RBs allocation
[bookmark: _Ref16860962]Observation 2: For a fixed RB, measurement time is inversely proportional to SCS

Zadoff-Chu sequence for AGC RS
The question we are trying to answer in this section is whether any specific reference signal can benefit the fast convergence of AGC at the receiver. The criterion for helping the AGC at receiver can be quantified as achieving high accuracy of power measurement given as small number of measurement data as possible (how fast the variance of power estimation decays as a function of measurement data). With this in mind, we propose constant-amplitude signal in time-domain; however, since the reference signal allocation is done in frequency-domain, we need to find frequency-domain sequence whose IFFT has the property of constant amplitude. One candidate is the perfect sequence such as Zadoff-Chu (ZC) sequence. It is well-known that the -FFT of the length- ZC-sequence is also a constant amplitude sequence. We will make use of this property to benefit the AGC at the receiver. Ideally, it will take one measurement to calculate the correct power measurement if the time-domain signal is constant amplitude. In practice, one measurement to calculate the correct power is not achievable due to the following reasons: the resource allocation of PSCCH/PSSCH is less than the FFT size , the multi-path fading channel, and non-ideal front-end filter. We will try to tackle each of the above.
One way to use ZC-sequence in AGC RS is to generate ZC-sequence of length  and fill the AGC RS symbol with the generated ZC-sequence (note, here we assume  is the allocation of PSCCH/PSSCH). Assuming single user allocation, the difference between  and  causes an interpolated constant amplitude sequence in time-domain, this also implies that the resulting time-domain sequence is no longer constant amplitude. To work around this, we proposed to allocate ZC-sequence of length  onto  allocation, for example to allocate  in the first  subcarriers of  with ZC-sequence and to fill the rest with zero. We also propose to boost the power by  so that the power allocation per sub-carrier remains constant given the  empty allocations. An illustration of the allocation is shown below:
[image: ]
Figure 8: Example of AGC RS symbol
We check the AGC measurement time reduction as in in Section 7.1 using SCS=15kHz. Now, it is important to notice if we can appropriately down-sample (the down-sample ratio is set to be  ) the received time-domain signal, then we might need only 1 measurement data to measure the time-domain power as shown below:
	[image: ]
	[image: ]
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	[image: ]

	[image: ]
	


Figure 9: Illustration of constant amplitude-sequence frequency-domain allocation, its corresponding time-domain signal and the down-sampled time-domain signal
If we performed time-domain signal without first down sampling, we have the  as below, however, if we are able to appropriately down-sampling the time-domain signal, we can further reduce the measurement time :
[image: ]
[bookmark: _Ref16687833]Figure 10: AGC measurement time reduction with constant-amplitude sequence (10MHz, SCS=15kHz, )
From Figure 10, we can clearly see that the  is reduced approximately by 20 times when 2 RBs is allocated. 
Observation 3: The use of constant-amplitude sequence for AGC RS can reduce the measurement time 
[bookmark: _Ref16861122]Proposal 18: Introduce dedicated AGC RS to reduce AGC settling time.

Evaluation for AGC training
In the previous subsection, we show that if it is in flat fading and if we are able to appropriately down-sample the time-domain signal, the smallest measurement time for accurate power estimation is . In practice, due to multi-path channel and RFIC filters, it is hard to get the exact down-sampling instances that give roughly constant amplitude. To check this, we rely on simulation to see how well this helps and we do not perform down-sampling before power measurement
	Parameter
	Assumption

	Carrier frequency
	5.9 GHz

	System bandwidth
	10 MHz

	Waveform
	CP-OFDM (PSSCH)

	UE speed
	100 km/h

	Channel model
	TDL-B

	Modulation and code rate
	Fixed MCS (From Table 1 of PDSCH)

	Reference Signal
	1 additional DMRS with/out AGC-RS

	Antenna configuration
	1 Tx, 2 Rx

	Subcarrier spacing/CP length
	15/30/60 kHz with CP length defined in Rel-15 NR

	Channel code
	LDPC defined in Rel-15 NR

	Receiver type
	MMSE-IRC

	Channel estimation
	Real 

	Frequency/timing error
	0 Hz/0 us

	Subband precoding 
	No (wideband precoding)

	AGC parameters
	()
()



We consider the following DMRS patterns:
	[image: ]
	[image: ]


The cyclic-prefix length for different SCS for 10MHz BW are shown below:
	SCS
	N-FFT
	Symb. Duration without CP
	1st CP length
	CP length

	15 kHz
	1024
	66.667 us
	5.2083 us
	4.6875 us

	30 kHz
	512
	33.333 us
	2.8646 us
	2.3438 us

	60 kHz
	256
	16.667 us
	1.6927 us
	1.1719 us


For AGC setting we compare the following cases:
a) When there is no dedicated AGC RS symbol (‘RealAGC0ded.settl.=0us’ or ‘RealAGC0ded.settl.=2us’), if , where  is the 1st CP duration, . When , we set . This also implies that the AGC transitions will affect the data transmission.
[image: ]
Figure 11: 
b) When there is a dedicated AGC RS symbol ((‘RealAGC1ded.settl.=0us,rQPSK’ or ‘RealAGC1ded.settl.=2us,rQPSK’), , as shown below:
[image: ]
Figure 12: One dedicated AGC RS symbol
c) For the dedicated AGC RS symbol, we compare whether to transmit random QPSK or ZC-sequence as described.
Figure 13, Figure 14, and Figure 15 show the throughput with/out dedicated symbol. 
[image: ]
[bookmark: _Ref16704260]Figure 13: Throughput for SCS=15kHz with/out dedicated AGC RS with  and 
In Figure 13, since  for SCS=15kHz,  (RealAGC0ded. settl.=0us) means . In this case, no dedicated AGC RS symbol results in higher throughput compared to the case with dedicated symbol as the AGC transition is within the cyclic prefix. In Figure 14 and Figure 15, for higher SCS, the programming and amplifier settling time is no longer contained within the cyclic prefix in no dedicated AGC RS case, hence the throughput is lower than the cases where there is dedicated AGC RS. Finally, for SCS=60kHz, ZC-sequence based dedicated AGC RS seems to have slightly better throughput due to more accurate measurement.

[image: ]
[bookmark: _Ref16704269]Figure 14: Throughput for SCS=30kHz with/out dedicated AGC RS with  and 

[image: ]
[bookmark: _Ref16704266]Figure 15: Throughput for SCS=60kHz with/out dedicated AGC RS with  and 

Conclusions
In this contribution, we provide our views on the physical layer structures for NR sidelink with the following proposals.
Observation 1: For a given SCS, measurement time is inversely proportional to the number of RBs allocation
Observation 2: For a fixed RB, measurement time is inversely proportional to SCS
Observation 3: The use of constant-amplitude sequence for AGC RS can reduce the measurement time 
Proposal 1: The granularity of resource pool is a subchannel and a slot.
Proposal 2: A resource pool can consist of non-contiguous PRBs.
Proposal 3: A sidelink carrier bandwidth is supported up to 50 MHz with 15 kHz SCS, 100 MHz with 30/60 kHz SCS in FR1 and up to 200 MHz with 60 kHz SCS and 400 MHz with 120 kHz SCS in FR2.
Proposal 4: For a given UE, a single (pre-)configured resource pool can be used for any combination of unicast, groupcast, and broadcast.
Proposal 5. Support PSCCH+PSSCH, PSCCH+PSSCH+PSFCH, PSFCH-only transmissions within a slot.
Proposal 6. Not support PSCCH-only, PSSCH-only, PSCCH+PSFCH, PSSCH+PSFCH transmissions within a slot.
Proposal 7. If smaller number of PRBs is allocated for PSSCH, then TDM between PSCCH and PSSCH is allowed.
Proposal 8. If PSCCH spanning all the sidelink symbols of a slot is supported, then FDM between PSCCH and PSSCH is allowed. 
Proposal 9. FDM between PSFCH and PSCCH/PSSCH is not supported in Rel-16.
Proposal 10. Rel-15 NR PDCCH structure is the baseline for PSCCH and single stage SCI is used.
Proposal 11. Discuss further whether to support interleaved mapping for PSCCH or not.
Proposal 12. Discuss the subchannel size and granularity of PSCCH.
Proposal 13. Discuss further UE behaviour for possible multiple candidate PSCCH resources within subchannel.
Proposal 14. Rel-15 NR PDSCH design is the baseline for PSSCH.
Proposal 15. Type-2 DMRS for PDSCH is the baseline of PSSCH DMRS for frequency-domain pattern. Support multiple time-domain patterns of DMRS per resource pool.
Proposal 16: Rel-16 NR V2X supports 256 QAM for PSSCH and single TB per PSSCH.
Proposal 17. Support PSFCH formats based on PUCCH formats 0/2.
Proposal 18: Introduce dedicated AGC RS to reduce AGC settling time.
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Appendix A. Evaluation results for PSSCH DMRS
Table 4 Evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6 GHz

	Subcarrier spacing
	15 kHz and 30 kHz

	Relative UE speed
	60 km/h, 120 km/h, 240 km/h, and 500 km/h

	Carrier frequency offset
	0 ppm

	Channel estimation
	Non-ideal (with genie-aided Doppler knowledge)

	Waveform
	CP-OFDM

	Data allocation
	•    6 PRBs
•    First 1 OFDM symbol for AGC and last one symbol for switching time, and remaining 12 OFDM symbols for data channel

	DMRS pattern
	•     Uu data channel DMRS type1 and type2 (single-symbol DMRS, one CDM group)
•     DMRS positions defined for PDSCH were reused (Section 7.4.1.1.2 in TS 38.211). Time domain DMRS symbols are placed within 14 symbol slot as
· DMRS position is (2,11) for 2 time instance of DMRS
· DMRS position is (2, 7, 11) for 3 time instance of DMRS
· DMRS position is (2, 5, 8, 11)for 4 time instance of DMRS

	Modulation order, Coding rate
	QPSK code rate ½

	Channel coding scheme
	LDPC 

	Number of Tx antennas
	1

	Number of Rx antennas
	1 

	Channel model
	CDL-based V2V channels in TR 37.885 [5]
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(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 16. Throughput performance for PSSCH at UE speed of 60 km/h
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(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 17. Throughput performance for PSSCH at UE speed of 120 km/h
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(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 18. Throughput performance for PSSCH at UE speed of 240 km/h
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Figure 19. Throughput performance for PSSCH at UE speed of 500 km/h (SCS=30 kHz)
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